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0 Continuous peritoneal dialysis apparatus and method. 



0 A peritoneal dialysis system of the continuous 
flow type includes a reverse osmosis unit which 
prepares sterilized and filtered water. The process, 
which may be used with a single or double catheter, 
includes proportioning water, dialysis-concentrate, 
and dextrose to provide a dialysis fluid which is then 
heated and sterilized. The fluid may be accumulated 
in a reservoir. Load cells and/or flowmeters are uti- 
lized to measure the flow rate of the fluid in and out 
of the peritoneal cavity, either simultaneously or 
cyclic, and control the amount of fluid in the cavity. 



Preferably, the process and system includes a dou- 
ble flow catheter in which the flow of dialysis fluid 
through the inflow passage and the outflow passage 
are simultaneous. During this time, the volume of 
fluid in the peritoneal cavity is monitored by an 
ultrasonic or other suitable sensor so that over ex- 
tension of the cavity does not occur. In a preferred 
tidal dialysis regime, a desired number of fill and 
partial drain cycles are performed wherein a puddle 
of dialysis fluid always remains in the cavity. 
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Cross Reference to Related Applications 

This application is a continuation-in-part of Ap- 
plication Serial No. 07/200,624, filed on May 31. 
1988, entitled CONTINUOUS FLOW PERITONEAL 
DIALYSIS SYSTEM AND METHOD, which is a 
continuation-in-part of Application Serial No. 
06/858,645, filed May 2, 1986, entitled CONTINU- 
OUS FLOW PERITONEAL DIALYSIS SYSTEM 
AND METHOD, which is a continuation-in-part of 
Application Serial No. 06/840,142, filed March 17, 
1986, entitled CONTINUOUS FLOW PERITONEAL 
DIALYSIS SYSTEM AND METHOD, now United 
States Patent No. 4,718,890, which is a 
continuation-in-part of Application Serial No. 
06/629,130, filed July 9, 1984, entitled CONTINU- 
OUS FLOW PERITONEAL DIALYSIS SYSTEM 
AND METHOD, now United States Patent No. 
4,586,920. 

Background of the Invention 

The invention relates to a dialysis process for 
purifying the blood by exchange across the perito- 
neal membrane during a continuous peritoneal pro- 
cess. 

Heretofore, artificial kidney users have relied 
basically on two processes for purifying the blood. 
Hemodialysis involves the circulation of blood 
through a dialysis machine in which an exchange 
of toxic metabolites takes place across an artificial 
membrane outside the patient's body. This process 
requires the assistance of trained personnel and 
subjects the patient to dangers of mechanical mal- 
function, and rapid shifts of fluid and metabolites, 
and surgery involving blood vessels, is involved. 

Peritoneal dialysis involves the installation of a 
sterile dialysate into the peritoneal cavity. The dia- 
lysate is discarded after absorbing waste 
metabolites. The process is repeated until the 
blood level of metabolites is reduced to a desired 
level. This method is commonly referred to as the 
"Batch" method due to the fact that numerous one 
or two liter bottles or bags of fresh dialysate solu- 
tion are utilized, requiring multiple connections to 
be made to the catheter inserted in the peritoneal 
cavity. The multiple connections made during the 
course of the dialysis have been thought to be a 
major cause of the high instance of peritonitis. 

Chronic ambulatory peritoneal dialysis offers 
peritoneal dialysis while still allowing the patient 
freedom of movement. However, the chronic am- 
bulatory peritoneal dialysis must be done in ab- 
sence of a machine. Multiple bottles or bags of 
dialysis must be infused daily. The bag of dialysate 
is worn by the patient. The multiple installations per 
day require that multiple connections of bags or 
bottles to the peritoneal catheter be made. The 



production of bulk sterile dialysis for the peritoneal 
process has not been shown to be practical for 
large scale application particularly for home dia- 
lysis. 

5 United States Patent No. 4,311,587 seeks to 
avoid some of the above problems with peritoneal 
dialysis by providing a sub-micron filter on line with 
the fresh dialysate to prevent peritoneal contamina- 
tion. The system is perambulatory and the bag of 

70 dialysate is worn by the patient. The bag may be 
pressurized by numerous methods and is con- 
nected only to the inflow side of the fitter. The 
outflow port of the filter is connected on the other 
side of the filter so that no peritoneal contaminating 

75 source is connected directly to the peritoneal cav- 
ity. The system is still basically a batch type sys- 
tem in that multiple bottles or bags of dialysate 
must be connected to the filter even though direct 
connection to the peritoneal catheter is not re- 

20 quired. 

United States Patent No. 4,338,190 discloses a 
system and process which attempts to avoid the 
batch process method utilized heretofore in perito- 
neal dialysis wherein a closed loop peritoneal cir- 

25 cuit is provided having a selective membrane 
across which toxic metabolites are exchanged. A 
solution is passed on the other side of the selective 
membrane to maintain the original concentration of 
sugar and salt in the peritoneal fluid as the toxic 

30 metabolites pass the separator membrane. A con- 
centrate of sugar and salts is mixed at a desired 
ratio with water to make up the dialysis fluid. The 
conductivity of the fluid may be automatically mon- 
itored to adjust the concentration of the fluid during 

35 its recirculation. A double peritoneal catheter pro- 
vides for the inflow and outflow of the peritoneal 
fluid. The peritoneal fluid is constantly recirculated 
through the peritoneal cavity. The efficiency of the 
dialysis becomes reduced slightly because of re- 

40 sidual toxins which are put back into the peritoneal 
cavity. The selective membrane is an expensive 
disposable item which means that the cost of op- 
erating the system is high unless the membrane is 
recleaned. Pumping the peritoneal fluid through the 

45 peritoneal cavity is required making it difficult to 
assure that the patient stays properly distended 
during the dialysis process. If the peritoneal mem- 
brane is not fully distended, it becomes convoluted 
around the intestines and pockets are formed 

so where the peritoneal fluid can sequester. Incom- 
plete circulation results in decreased efficiency of 
dialysis. No control is maintained over the level of 
peritoneal fluid in the peritoneal circuit There is no 
way of replenishing the peritoneal fluid should the 

55 circuit run low on fluid or run dry. 

Patent No. 3,545,438 discloses a peritoneal 
dialysis method which provides for partially reusing 
a portion of the dialysis fluid. The spent fluid be- 
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comes mixed with fresh dialysate. There is no 
control or monitoring of the fluid in and out as 
would allow the dialysate to flow in the peritonea] 
cavity in a continuous manner. 

United States Patent No. 3,707,967, corre- 
sponding to German Patent No. 2,149,040, appar- 
ently discloses a closed loop dialysis system 
wherein the dialysis fluid is continuously circulated 
through the peritoneal membrane, generally without 
flow control and monitoring of inflow and outflow 
lines in a continuous manner. 

Patent No. 3,709,222 discloses a peritoneal 
dialysis method generally of the batch type. The 
amount of dialysis fluid entering the peritoneal cav- 
ity and the pressure of the peritoneal cavity are 
controlled by varying the height of a pressure relief 
chamber. This can be both inaccurate and un- 
reliable, and requires that an attendant be present 
in order to carry out the process. The cycles in- 
volved in the process are rather complicated in- 
volving an initial priming cycle which involves the 
filling of a proportion chamber, the pressure relief 
chamber and a return chamber. To begin the pro- 
cess, dialysis fluid is allowed to enter the peritoneal 
cavity from the pressure relief chamber until the 
chamber is moved to a lower position which pre- 
vents the fluid from flowing. Next, an automatic 
cycling begins in which the fluid is pumped out of 
the cavity into the return chamber. Next, an inflow 
cycle begins in which the fluid is pumped from the 
return chamber to the proportional chamber which 
forces fresh dialysis from the proportioning cham- 
ber into the pressure relief chamber from where it 
flows into the patient. Next, there is an equilibrium 
cycle in which dialysis fluid is drained from the 
proportioning chamber and fresh dialysis fluid is 
added. Apparently, during this time, dialysis fluid 
remains in the cavity. The process then switches 
back to the outflow cycle in which fluid is pumped 
from the cavity to the return chamber. 

French Patent No. 2,371 ,931 discloses a perito- 
neal process having a single line used for inflow 
and outflow. The method includes pumping in a 
certain amount of dialysate, letting it equilibrate for 
a prescribed dwell time, and removing the dia- 
lysate. This is, in essence, an automatic "batch" 
system. 

United States Patent No. 4,412,917 discloses a 
peritoneal dialysis system wherein a prescribed 
volume of fluid is pumped into the peritoneal cavity 
and drained. The installation of fluid to the patient 
can be controlled by counting pump revolutions or 
pumping time and by monitoring the total weight of 
the reservoirs which contain the source and drain 
fluids to achieve a desired amount of fluid received 
by the patient. After the fluid is drained, the pa- 
tient's fluid balance is determined by weighing the 
increase and total weight of fluid on output scales 



to indicate the extra amount of fluid (ultrafiltrate) 
received from a patient. The fill and drain cycles 
may be repeated until either a desired amount of 
fluid is used or the change in fluid balance reported 

5 by the scales is of a desired magnitude. 

ft is also known in peritoneal dialysis to use a 
reverse osmosis unit to supply water which is 
passed through a heat exchanger for heating. The 
water is subsequently mixed With a dialysis con- 

w centrate. and optionally, dextrose, which are mixed 
in a predetermined ratio to provide a dialysate. The 
dialysate may be gravity fed or pumped to the 
patient, and thereafter drained either by gravity or 
pumping in a semi-automatic manner. However, the 

?5 system is complex for the patient to operate, and 
has difficulty in meeting safety requirements. It is 
also known to mix dextrose with the water and 
dialysis concentrate to effect the osmolality over 
pressure sensors are utilized to sense an excessive 

20 pressure condition in the peritoneal cavity. 

Tidal peritoneal dialysis is a technique where, 
after an initial fill of the peritoneal cavity, less than 
50% of dialysate is drained and replaced by fresh 
dialysis fluid with each cycle, leaving the majority 

25 of the dialysate in constant contact with the perito- 
neal membrane until the end of the dialysis session 
when the fluid is drained as completely as possi- 
ble. The factors determining the efficiency of dia- 
lysis with the tidal technique include the minimum 

30 volume of fluid in the peritoneal cavity assuring 
constant and full contact between the peritoneal 
membrane and dialysate, that is the reserve vol- 
ume, and proper mixing of fluid in the peritoneal 
cavity by a sufficiently high tidal exchange volume. 

35 While the technique of tidal peritoneal dialysis is 
sound and efficient, there is a lack of suitable 
systems for implementing the tidal technique of 
peritoneal dialysis in a practical manner. None of 
the prior peritoneal dialysis methods and systems 

40 described previously are entirely suitable. 

Accordingly, an important object of the present 
invention is to provide a continuous peritoneal dia- 
lysis system and method which avoid the inherent 
problems and dangers of a batch type peritoneal 

45 dialysis system. 

Still another important object of the present 
invention is to provide a peritoneal dialysis system 
having a high rate of dialysate exchange providing 
increased dialysis efficiency. 

50 Still another important object of the present 
invention is to provide a peritoneal dialysis system 
and method having a high rate of dialysate ex- 
change and dialysis efficiency in which the os- 
molality of the fluid is continuously adjusted in 

55 response to the amount of fluid removed from the 
patient. 

Still another important object of the present 
invention is to provide a continuous peritoneal dia- 
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lysis system and method which may be used to 
carry out a continuous peritoneal dialysis using 
tidal dialysis techniques in the patient's peritoneal 
membrane. 

Yet another important object of the present 
invention is to provide a continuous flow peritoneal 
dialysis system and method in which the pressure 
and volume of dialysate in the patient's peritoneal 
membrane may be monitored without the need of a 
medical attendant. 

Summary of the Invention 

The above objectives are accomplished ac- 
cording to the present invention by a system for 
performing a continuous peritoneal dialysis process 
which comprises a virtually unlimited supply of 
sterilized dialysis fluid, and an inflow delivery value 
for filling the peritoneal cavity with dialysis fluid 
through a catheter from the supply source. An 
outflow delivery value controls draining the dialysis 
fluid from the peritoneal cavity. An inflow measur- 
ing meter monitors a function of an inflow of dia- 
lysis fluid which fills the peritoneal cavity through 
the inflow catheter and generates an inflow signal 
representing the amount of fluid delivered into the 
peritoneal cavity. An outflow measuring meter mon- 
itors a function of an outflow of dialysis fluid 
drained through the outflow catheter and generates 
an outflow signal representing the amount of fluid 
drained from the peritoneal cavity. 

A control computer controls the inflow delivery 
value to control the amount of dialysis fluid deliv- 
ered to the peritoneal cavity in response to the 
inflow signal, and controls the outflow delivery val- 
ue to control the amount of dialysis fluid drained 
from the peritoneal cavity in response to the out- 
flow signal. 

Sterilized dialysis fluid may be accumulated in 
a first reservoir. A first weighing cell weighs the 
dialysis fluid in the first reservoir to accumulate a 
first prescribed volume of dialysis fluid in said the 
first reservoir and generates a first weight signal. 
The inflow delivery value delivers the dialysis fluid 
from the first reservoir to the peritoneal cavity of a 
patient. The outflow delivery means for draining 
dialysis fluid from the peritoneal cavity of the pa- 
tient into a second reservoir. A second weighing 
cell weighs the dialysis fluid in the second reservoir 
to determine a second prescribed volume of dia- 
lysis fluid and generates a second weight signal. 
The control computer may also control the inflow 
delivery value to terminate filling of the peritoneal 
cavity in response to the first weight signal and 
inflow signal, and control the outflow delivery value 
to terminate the draining of the dialysis fluid from 
the peritoneal cavity in response to the second 
weight signal and the outflow signal. 



There is a monitor for monitoring a function of 
the fluid volume in the peritoneal cavity for control- 
ling the outflow delivery value to adjust the amount 
of dialysis fluid in the peritoneal cavity to maintain 

5 a desired fluid volume in the peritoneal cavity. The 
monitor may be an ultrasonic sensing or a resistive 
sensing device. 

The control computer may control the inflow 
and the outflow delivery values for filling and drain- 

70 ing the dialysis fluid so as to maintain a desired 
reserve volume of dialysis fluid in the peritoneal 
cavity which is effective for dialysis. The inflow and 
outflow delivery values may be controlled to initially 
fill the peritoneal cavity with the first prescribed 

75 volume of dialysis fluid, drain the dialysis fluid from 
the peritoneal cavity to leave a reserve volume of 
dialysis fluid remaining in the cavity which is less 
than the first prescribed volume, and fill the perito- 
neal cavity with a tidal volume of dialysis fluid. The 

20 control computer then repeats draining of the peri- 
toneal cavity to the reserve volume and filling of 
the peritoneal cavity with the tidal volume for a 
prescribed number (N) of cycles of total volume. 
The control computer controls the inflow and out- 

25 flow delivery values for totally draining the dialysis 
fluid from the peritoneal cavity at the end of N 
cycles. The control then repeats an initial filling of 
the peritoneal cavity with dialysis fluid, and drains 
the peritoneal cavity to the reserve volume and fills 

30 the peritoneal cavity with the tidal volume again for 
a prescribed number (N) of cycles, or total ex- 
change volume. 

A heater heats the dialysis fluid prior to accu- 
mulating the first volume of dialysis fluid in the first 

35 reservoir to sterilize the dialysis fluid. A storage 
stores the dialysis fluid at a prescribed temperature 
and for a prescribed length of time prior to de- 
livering the dialysis fluid to the first reservoir to kill 
the bacteria in the dialysis fluid. A deaerator 

40 deaerates the dialysis fluid prior to accumulating 
the dialysis fluid in the first reservoir. A detector 
detects the conductivity of the dialysis fluid prior to 
delivering the dialysis fluid to the first reservoir for 
maintaining a prescribed conductivity. A sensor 

45 senses the amount of water removed from the 
patient during dialysis and adjusts an amount of 
glucose in the dialysis fluid to adjust the osmolality 
and maintain a prescribed weight removal from the 
patient. 

so In accordance with the invention, a method for 
continuous peritoneal dialysis includes accumulat- 
ing a sterilized dialysis fluid in a first reservoir, 
weighing the dialysis fluid in the first reservoir to 
determine a first prescribed volume of dialysis flu- 

55 id, and filling a peritoneal cavity of a patient with 
the first prescribed volume of dialysis fluid from the 
first reservoir. Next, the method includes draining 
the dialysis fluid from the peritoneal cavity of the 
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patient into a second reservoir, weighing the dia- 
lysis fluid in the second reservoir to determine a 
second prescribed volume of dialysis fluid, and 
terminating the draining of the dialysis fluid from 
the peritoneal cavity in response to weighing of the 
second prescribed volume of dialysis fluid in the 
second reservoir. The volume of fluid in the perito- 
neal cavity of the patient is monitored and the 
amount of dialysis fluid in the peritoneal cavity is 
adjusted to provide a desired volume in the perito- 
neal cavity. The flow of the dialysis fluid may also 
be monitored during the filling to control the 
amount of dialysis fluid which fills the peritoneal 
cavity. The flow of the dialysis fluid during draining 
may also be monitored to control the amount of 
fluid which is drained from the peritoneal cavity. A 
tidal method includes initially filling the peritoneal 
cavity with the first prescribed volume of dialysis 
fluid, draining the dialysis fluid from the peritoneal 
cavity to leave a reserve volume of dialysis fluid 
remaining in the cavity which is less than the first 
prescribed volume, and filling the peritoneal cavity 
with a tidal volume of dialysis fluid. The steps of 
draining the peritoneal cavity to a reserve volume 
and filling the peritoneal cavity with a tidal volume 
are then repeated for a prescribed number of cy- 
cles. At the end of (N) cycles, the method includes 
totally draining the dialysis fluid from the peritoneal 
cavity, filling the peritoneal cavity with an initial 
volume of dialysis fluid, draining the dialysis fluid 
from the peritoneal cavity until the reserve volume 
of dialysis fluid remains in the cavity, and filling the 
peritoneal cavity with a tidal volume of dialysis 
fluid. The draining and filling of a tidal volume are 
again repeated for (N) cycles. The (N) cycles are 
repeated until a desired amount of fluid is removed 
from the patient. The process includes heating the 
dialysis fluid prior to accumulating the dialysis fluid 
in the first reservoir to sterilize the dialysis fluid, 
and storing the dialysis fluid at a prescribed tem- 
perature and for a prescribed length of time prior to 
delivering the dialysis fluid to the first reservoir to 
kill the bacteria in the dialysis fluid. 

The process includes monitoring the amount of 
water removed from the patient during dialysis and 
adjusting an amount of glucose mixed with the 
dialysis fluid to adjust the osmolality of the dialysis 
fluid and maintain a prescribed weight removal 
from the patient. 

Description of the Drawings 

The construction designed to carry out the 
invention will hereinafter be described, together 
with other features thereof. The invention will be 
more readily understood from a reading of the 
following specification and by reference to the ac- 
companying drawings forming a part thereof, 



wherein an example of the invention is shown and 
wherein: 

Figure 1 is a schematic diagram of a peritoneal 
dialysis system and process according to the 
5 invention; 

Figure 2 is a graph illustrating a ready cycle of a 
sterilization process for a dialysis process ac- 
cording to the invention; 

Figure 2-A is a graph illustrating a regime for a 
10 peritoneal tidal dialysis process according to the 
invention; 

Figure 2-B is a graph illustrating a total drain 
cycle for a peritoneal tidal dialysis process ac- 
cording to the invention; 

15 Figure 2-C is a graph illustrating a sterilization 
cycle for a peritoneal dialysis process and sys- 
tem according to the invention; 
Figure 3 is a schematic diagram of a computer 
controller for a peritoneal dialysis process and 

20 system according to the invention; and 

Figure 4 is a graph of a peritoneal dialysis 
system and process according to the invention 
using a tidal dialysis regime illustrating the buil- 
dup of ultrafiltrate during the tidal process. 

25 

Description of a Preferred Embodiment 

Referring now in more detail to the drawings, 
an illustrative embodiment of the invention will now 
30 be described. There is a reverse osmosis (RO) unit 
A to which water is delivered through an input filter 
10 which may consist of a carbon element to 
remove chlorine and chloramines followed by a 
particle filter. A suit RO unit is manufactured by 
35 Servall Corporation of Anderson, South Carolina, as 
model 2114B. There is a main water valve 12 
which is always on except in the recirculating steril- 
ize mode. Next comes a manual pressure regulator 
14 which essentially sets the product water pres- 
to sure. A conductivity/temperature (CfT) probe 16 
measures the incoming water conductivity and 
temperature and signals the electronics of RO unit 
A. The word "conductivity" is common in water 
treatment systems, and the term "TDS" as used 
45 herein stands for total dissolved solids. Pump 18 is 
the main RO water pump and supplies the flow and 
pressure to drive water across a RO membrane 20 
of RO unit A After passing through an inlet side of 
the RO membrane case 22 the water flow normally 
so enters a second manual pressure regulator 24, 
monitored by a pressure gauge 26 which sets the 
membrane inlet pressure in the range of 150 to 175 
psi. This is followed by a manually adjusted fluid 
restrictor 28 (and check valve) which adjusts the 
55 amount of water recirculating in the loop back to 
the connection point of probe 16. The waste water 
then flows down a drain 30. A valve 32 is actuated 
momentarily by a computer C at the beginning of a 
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READY/RINSE cycle to allow a high flow of water 
through to flush inlet side 22 of membrane 20. The 
pressure in the output product water is monitored 
by a gauge 34. Note that an outlet side 36 of the 
membrane housing includes a formaldehyde inlet 
38 where formaldehyde is introduced during a 
STERILIZATION. A probe 40 measures the con- 
ductivity and temperature of the product water and 
signals the RO electronics. The RO electronics 
watch both the ratio of the incoming and product 
water conductivity (% rejection) and the output 
conductivity and communicate with the computer. 
Both the output conductivity and the % rejections 
have alarm limits set by the RO electronics which 
signal the computer. There is a loop back from a 
point prior to probe 40 through two check valves 
which essentially diverts flow back to the connec- 
tion point at probe 16 to regulate the product water 
pressure. 

The sterile product water at 41 passes into a 
dialysis production unit (DPU) module B. Produc- 
tion unit B includes a manually set pressure regula- 
tor 42 which controls the flow rate through a check 
valve to a volumetric proportioning pump 44. Pump 
44 precisely proportions a concentrate 46 through 
a valve 48 and water through 42 to make dialysate. 
It also proportions bleach 50 at the start of a 
STERILIZE/BLEACH cycle. The output of pump 44 
passes through a manually set fluidic restrictor to 
the heat exchanger input. The proportioning pump 
44 may be in the range of a 34:1 to 20:1 to allow 
use of available peritoneal dialysis concentrate for- 
mulations. After passing through an inlet side 52 of 
a heat exchanger 54, the dialysate is heated by a 
heater means 56, controlled by thermistor 58 and 
the computer, to a temperature of 70* to 80 • C 
and monitored by thermistor 60 and the computer. 
A storage means in the form of a small reservoir 62 
following thermistor 60 serves two purposes, hold- 
ing the fluid at that temperature for a short time to 
provide backup sterilization, and providing a point 
for air removal. In summary, heater 56 serves the 
dual purpose of backup sterilization and air re- 
moval. The dialysate then flows back through an 
opposite side 64 of heat exchanger 54 in a coun- 
terflow direction and is cooled below a heater 66 
temperature set point. Heater 66 heats the dia- 
lysate to the proper patient temperature and is 
controlled by thermistor 68 and the computer. CfT 
probe 70 monitors both the temperature and con- 
ductivity of the dialysate. The computer receives 
the output of probe 70 and by controlling a valve 
72 allows flow into a reservoir 74 only when both 
conductivity and temperature are within preset 
alarm limits. Otherwise the dialysate is diverted to 
drain. 

The amount of fluid in reservoir 74 is precisely 
measured by first weighing means which includes 



a load cell 76 which generates a first weight signal 
76a input to computer C. When the amount of fluid 
in reservoir 74 is correct and the cycle time is 
correct, the computer opens an inflow delivery 

5 means, in the form of a reservoir valve 78, to allow 
fluid to enter (FILL) the peritoneal cavity 81 of a 
patient through a flowmeter 80. Flowmeter 80 pro- 
vides an inflow monitoring means which monitors a 
function of fluid inflow, i.e. flow rate, accumulation, 

w etc., to measure the amount of fluid delivered into 
the peritoneal cavity, and generate an inflow signal 
80a. The pulse output of flowmeter 80 may be 
totaled by computer C as a monitor or backup to 
the measurement by the load ceil/computer sys- 

75 tern. An optional filter, such as a suitable micro 
pore filter, may be employed in the flow path at 83 
to sterilize the dialysis fluid in the event a sterilized 
source is not used. After an optional dwell time 
(DWELL) the fluid is drained (DRAIN) by an outflow 

20 delivery means having a valve 84 opened by com- 
puter C. Note that the "A" port of valve 84 is 
connected to a manual sampling valve which is 
used to check the formaldehyde residual concen- 
tration. The drain fluid (which includes any ultrafil- 

25 trate) then passes through a flowmeter 86 which 
acts in a manner similar to flowmeter 80 as a 
backup/monitor to the fluid measurement of a load 
cell 88. Flowmeter 86 provides an outflow monitor- 
ing means for monitoring the outflow of fluid from 

30 the peritoneal cavity and generates an outflow sig- 
nal 86a representing the amount of fluid drained 
which is transmitted to the computer. Flowmeters 
80 and 86 may be any suitable sterilizable digital 
flowmeter such as an Opflowmeter manufactured 

35 by Headland Company of Racine, Wisconsin. 

Preferably, the peritoneal cavity volume is also 
measured by a peritoneal monitor means D, prefer- 
ably either in the form of a sonic or strain band 
system as an additional measurement of the fluid 

40 volume in the cavity to prevent over distension. 
Monitor means D generates a peritoneal signal 89 
which represents the volume of fluid in the perito- 
neal cavity at a given moment. Peritoneal signal 89 
can be used by computer C to override the inflow 

45 and outflow signals, 80a and 86a, and/or the weight 
signals, 76a and 88a, to maintain a desired or 
reserve amount of fluid in the peritoneal cavity at 
all times. 

Sensor means for monitoring the amount of 
so fluid removed from the patient and adjusting the 
osmolality of the dialysis fluid includes a dextrose 
pump 90 used to add dextrose 92 in addition to 
that contained in the peritoneal dialysis concen- 
trate. In the tidal dialysis regime, according to the 
55 invention, a total drain occurs at the end of either a 
desired number (N) cycles, or time or volume of 
fluid which correspond to a desired number (N) of 
tidal fill and drain cycles. After the total drain, the 
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total amount of water taken off the patient may be 
calculated by the computer and th8 osmolality of 
the solution adjusted to insure an accurate amount 
of uttrafiitrate is removed from the patient. As can 
be seen in Figure 4, the volume of fluid in the 
peritoneal cavity during the tidal peritoneal dialysis 
process is more accurately illustrated wherein vol- 
ume V1 represents the tidal drain volume and 
volume V2 represents the ultrafiltration volume. 
Thus, even though the tidal drain volume V1 , which 
may be 1 liter, for example, is being removed, the 
volume of fluid in the peritoneal cavity may be 
increasing due to the presence of the ultrafiltration. 
By having a total drain of the peritoneal cavity after 
a desired number of drain and fill cycles, it is 
possible to remove the ultrafiltration and begin the 
dialysis process again. Referring to Figure 4, the 
process begins at the origin where the peritoneal 
cavity volume is zero. The cavity is filled with a 
volume of 2 liters and then drained with a volume 
of 1 liter, as shown in the example of Figure 4. 
Because there may be some ultrafiltrate, the drain- 
ing of 1 liter will not necessarily result in a reserve 
volume of 1 liter. The ultrafiltrate will increase this 
volume as shown at V2. In accordance with the 
invention, at the reset point there is a total drain, 
the amount of ultrafiltrate is measured, and the 
remaining weight to be removed from the patient is 
calculated. If the dialysis process is not removing 
weight at a sufficient rate, the osmolality of the 
dialysis solution may be adjusted by increasing the 
dextrose amount so that more weight is removed 
from the patient during the next dialysis regime 
consisting of tidal fill and drain cycles. If too much 
weight has been removed during the previous dia- 
lysis regime, then the dextrose can be decreased. 
At the beginning of the dialysis process, the dry 
weight of the patient has been calculated along 
with the specific amount of weight desired to be 
removed from the patient. It may be desirable to 
increase the maximum flow rate of pump 90 from 
10 mVmin (2%) to 15 m7min (3%) since con- 
centrate dextrose amounts over 1.8% (diluted) tend 
to be unstable. The actual ultrafiltrate may be mea- 
sured by calculating the amount of patient fluid 
removal, and pump 90 automatically adjusted to 
obtain the desired ultrafiltration amount. There is no 
backup monitor on pump 90. This may be consid- 
ered a non-critical condition or might be monitored 
roughly by probe 70 since the dextrose decreases 
the conductivity. 

The drain fluid enters a drain reservoir 94 
where the amount is precisely monitored by a 
second weighing means which includes a toad cell 
88 which generates a second weight signal 88a 
input to the computer. The second weight signal 
represents an amount that includes both the fill 
volume and the ultrafiltrate and is stored by the 



computer. Note that the readings and signals ob- 
tained from weighing means 76 and 88, and flow 
monitoring means 80 and 88, are also used to 
monitor that proper flow is going into and out of the 

5 patient, that is there is no flow blockage such as 
would occur with a kinked line. Hydrophobic filters 
at the tops of 74 and 94 allow sterile air in and out 
of the reservoirs but block fluid flow. Drain pump 
96 drains reservoir 94 during the fill and dwell 

10 cycles. 

Pump 96 also acts as the recirculating pump 
during the STERILIZE/ RECIRCULATION part of 
the cycle. A valve 98 is a redundant (safety) ele- 
ment to the drain pump 96 and is also used to 

is switch the drain flow in the 
STERILIZE/RECIRCULATING mode. The manual 
switching of the "A" output of valve 98 serves as a 
redundant (safety) element. The drain fluid then 
goes down drain 30. 

20 In the READY cycle, as can best be seen in 
Figure 2, the system is first rinsed out for at least 
20 minutes to remove the formaldehyde and then 
pause for a test. If the test is negative, the patient 
then moves the concentrate, dextrose, and output 

25 lines of pump 98 to their RUN modes (safety) and 
proceed on into WARM UP if the computer reads 
that all the interlock switches are in their proper 
condition. The system then prepares the dialysate 
and fills reservoir 74 where we again go into a hold 

30 cycle while the patient is connected. The "install 
set" and "prime" portions of the cycle are no 
longer used. Then the RUN cycle is begun. 

As can best be seen in Figure 2A, the perito- 
neal cavity is initially drained of any excess fluid 

35 and then filled to two liters (for example) and then 
the FILI7DRAIN or the FILL/DWELL/DRAIN portion 
of the cycle is started. Every N !h cycle, preferably 
N = 10, the peritoneal cavity is totally drained and 
the actual amount is compared to that predicted. 

40 The computer then resets the fill and drain param- 
eters to correct any significant deviation. Note that 
this is the method used to maintain a tidal volume 
in the patient, which is the difficult part of tidal 
peritoneal dialysis. Also, the actual ultrafiltrate is 

45 measured by weighing means 76 and 88 and the 
computer, and this predictive parameter is reset. At 
the end of the RUN cycle, the patient is completely 
drained. 

In the STERILIZE cycle, as can best be seen 
so in Figure 2C, the system is first cleaned with 
bleach for 20 minutes, the bleach rinsed out, and 
then the system is filled with formaldehyde, around 
8% in the RO and 4% in the main flow lines and 
path. Then there is a switch to a recirculating mode 
55 wherein the 4% formaldehyde is circulated at 37' 
C or higher for six hours. The conductivity of the 
bleach is monitored which has a naturally con- 
ductivity of around 7.5 ms/cm at a .25% concentra- 



8 



13 



EP0 498 382A1 



14 



tion, and the concentration of the formaldehyde 
which has had sodium chloride added to give a 
conductivity of 4.0 ms/cm at 4%. Both conductiv- 
ities are monitored by the computer, along with the 
temperature (both signals coming from 70) which 
would alarm if the proper signal were not received 
for the proper time. The system then shuts totally 
down to wait for the READY cycle to be initiated. 

In accordance with the method of the invention, 
there is first a READY/RINSE cycle in order to 
prepare the system for the patient. During the 
READY/RINSE cycle, the formaldehyde is reduced 
to 5 ppm at the patient line. Formaldehyde from 
source 100 passes through valve 102 and is 
pumped by pump 104 to the RO membrane 20 
through inlet 38. The system is drained and then 
flushed with RO water at 500 ml/min., alternating 
certain valves to catch all of the lines. The system 
is then held to allow time for testing for residual 
formaldehyde, and then the dialysis concentrate is 
hooked up and shifted to several other lines. The 
system is then warmed up with sterile, mixed, 
heated dialysate ready for patient connection. The 
continuous peritoneal dialysis process, during the 
patient cycle, includes the steps of initially draining 
the patient's peritoneal cavity of any residual fluid. 
Next, the patient cycle includes a fill cycle and a 
drain cycle. Optionally, there may be a dwell cycle 
between the fill and drain cycles. In the preferred 
embodiment, the fill and drain cycles are repeated 
a prescribed number of times. Afterwards, there is 
a total drain of the peritoneal and the total fluid in 
and out of the peritoneal are calculated by the 
computer. The system parameters are reset ac- 
cording to the calculations of fluid in and out for 
efficient dialysis, i.e. the glucose is adjusted to 
desired osmolality. The amount of fluid entering 
and leaving the patient is measured by the preci- 
sion load cells on the reservoirs, backed up by the 
input and output flowmeters, and optionally backed 
up by the peritoneal volume measurement. 

In operation, when the prescribed weight or 
volume of dialysis fluid is sensed by load cell 76, 
the valve 72 is closed. When valve 78 is opened, 
the heated sterilized dialysate flows through valve 
78 and flowmeter 80 to the catheter 81 in the 
peritonea] cavity C of the patient. Valve 78 is 
closed as soon as a prescribed weight (i.e. volume, 
etc.) of the dialysate is delivered from reservoir 74. 
Reservoir 74 is not depleted in the run mode. It 
outflows to a predetermined level established by 
the computer. Reservoir 74 is depleted during rinse 
and warm-up stages. When a prescribed weight of 
fluid has been drained from reservoir 94, as mea- 
sured by load cell 88, and valve 84 is closed and 
calculated by computer C. The drain cycle com- 
mences by the opening of valve 84 and fluid from 
the peritoneal cavity flows through valve 84 and 



flowmeter 86 to reservoir 94. When the system is 
to be reset and for the final drain, load cell 88 
senses no weight change for a predetermined 
length of time, i.e. end of fluid draining, and the 

5 drain cycle is terminated by the closing of valve 
84. The computer receives a input representing the 
predetermined level at 88 to control tidal volume. 
During the drain cycle, head vessel 74 is replen- 
ished with heated sterilized dialysate. The fill and 

70 drain cycles are then repeated. Optionally, there 
may be a dwell time between the end of the fill 
cycle and the beginning of the drain cycle. In the 
tidal technique, the tidal volume is assumed to be 
50% of the fill volume in the preferred embodi- 

15 ment, but may vary in accord with the application. 
In the tidal peritoneal dialysis technique, there is an 
initial fill cycle in which the peritoneal is initially 
filled to a first limit, for example, 2 liters. The initial 
drain cycle drains the peritoneal to a reserve vol- 

20 ume greater than zero. For example, the drain 
cycle may drain the patient from 2 liters to a 
reserve volume of 1 liter so that 1 liter remains in 
the patient, as can best be seen in Figure 2A. In 
subsequent fill and drain cycles, a tidal volume of 

25 approximately 1 liter is infused into the cavity and 
approximately 1 liter is drained from the cavity. In 
this sense, the system and method of the present 
invention provide an automatic tidal dialysis sys- 
tem. At the end of the fill/drain cycles, a complete 

30 drain of the patient occurs. The system is reset by 
calculating the patient weight removal, adjusting 
the osmolality of the dialysis fluid and again initially 
filling the peritoneal cavity with a prescribed 
amount of dialysis fluid. Other variations of this 

35 procedure may be had. The object is to achieve 
effective sterilization in a short time with minimal 
rinse out problems. The control means may be any 
suitable computer C such as a conventional pro- 
cess controller programmed to automatically com- 

40 pute and carry out the above described functions 
and control the various hardware elements illus- 
trated in Figure 3. The peritoneal dialysis system of 
the invention may be used with either a single 
catheter 81 or a double peritoneal catheter 81 a. In 

45 the case of a double catheter 81a, the inflow and 
outflow delivery means, 78 and 84, may be con- 
trolled by the control means so that dialysis fluid 
flows in and out simultaneously or alternately. 
While the use of inflow and outflow measuring 

50 means 80 and 86 are preferred when the double 
catheter is used, weighing means 76 and 88 are 
optional and may not be employed. Dialysis fluid 
may be delivered directly to the peritoneal cavity, 
and reservoirs 74 and 94 may be eliminated. Fur- 

55 thermore, flow measuring means may also be op- 
tional when using weighing means 76, 88 and 
reservoirs 74, 94 in the application of a single 
catheter. In RO unit A, the input conductivity and 
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temperature from probe 16 and the output con- 
ductivity and temperature from probe 40 may be 
used to provide an alarm indicating failure in the 
membrane integrity if either the percent rejection or 
the output quality differ from set limits. In produc- 
tion unit D, the volumes in reservoirs 74 and 94 are 
measured by load cells 76 and 88. The inflow and 
outflow rates to the patient will be monitored either 
by a combination of the load cell readings and 
time, or flowmeters 80 and 86. In addition, either an 
ultrasonic or strain gauge band may be utilized to 
indicate the approximate peritoneal cavity volume. 
Probe 70 will output the conductivity and tempera- 
ture of dialysate to reservoir 74 which may be 
diverted if the conductivity and temperature exceed 
plus or minus 1 ms/cm or 3 * C. 

While a preferred embodiment of the invention 
has been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may 
be made without departing from the spirit or scope 
of the following claims. 

Claims 

1. A continuous peritoneal dialysis process 
wherein a catheter means is implanted into the 
peritoneal cavity of a patient, said catheter 
means providing an inflow and outflow passage 
for delivering dialysis fluid into and out of said 
peritoneal cavity, said process comprising: 

(a) providing a supply source of sterilized 
dialysis fluid; 

(b) filling said peritoneal cavity with an in- 
flow of dialysis fluid through said inflow pas- 
sage from said supply source; 

(c) draining said peritoneal cavity with an 
outflow of dialysis fluid through said outflow 
passage; 

(d) monitoring a function of said inflow of 
dialysis fluid which fills said peritoneal cav- 
ity; 

(e) monitoring a function of said outflow of 
dialysis fluid which is drained from said 
peritoneal cavity; and 

(f) controlling the amount of dialysis fluid in 
said peritoneal cavity in response to moni- 
toring of said functions of said inflow and 
outflow of dialysis fluid. 

2. The process of claim 1 including monitoring a 
function of the volume of said peritoneal cavity 
of said patient and adjusting the amount of 
dialysis fluid in said peritoneal cavity to main- 
tain a desired volume of fluid in said peritoneal 
cavity and a desired distension of said perito- 
neal cavity. 



3b The process of claim 2 including monitoring a 
function of the volume of said dialysis fluid in 
said peritoneal cavity by using an ultrasonic 
sensing means. 

5 

4. The process of claim 2 including monitoring a 
function of the volume of said dialysis fluid in 
said peritoneal cavity by using a resistive 
sensing means. 

w 

5. The process of any one of claims 1 to 4 
including filling and partially draining said dia- 
lysis fluid to maintain a desired reserve volume 
of dialysis fluid in said peritoneal cavity which 

75 is effective for dialysis. 

6. The process of any one of claims 1 to 5 
comprising: 

(a) filling said peritoneal cavity with a tidal 
20 volume of dialysis fluid; 

(b) partially draining said dialysis fluid from 
said peritoneal cavity to leave a reserve 
volume of dialysis fluid remaining in said 
cavity which is less than said tidal volume; 

25 and 

(c) repeating the steps of draining said peri- 
toneal cavity to said reserve volume and 
filling said peritoneal cavity with said tidal 
volume for a prescribed number (N) of drain 

30 and fill cycles. 

7. The process of claim 6 including: 

(a) totally draining said dialysis fluid from 
said peritoneal cavity at the end of said (N) 

35 cycles; 

(b) filling said peritoneal cavity with a tidal 
volume of dialysis fluid; 

(c) partially draining said dialysis fluid from 
said peritoneal cavity until a reserve volume 

40 of dialysis fluid remains in said cavity; 

(d) repeating steps (b) and (c); and 

(e) repeating steps (a) - (d) until a desired 
amount of fluid is removed from said pa- 
tient. 

45 

8. The process of claim 7 including monitoring 
the amount of water removed from said patient 
during dialysis after said total drain and adjust- 
ing an amount of glucose mixed with said 

50 dialysis fluid to accurately remove a prescribed 
weight from said patient. 

9. The process of any one of claims 1 to 8 
including heating said dialysis fluid prior to 

55 delivery said inflow of dialysis fluid to sterilize 
said dialysis fluid. 

10. The process of claim 9 including storing said 
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dialysis fluid at a prescribed temperature and 
for a prescribed length of time prior to de- 
livering said inflow of dialysis fluid to kill the 
bacteria in said dialysis fluid. 

11. The process of claim 10 including deaerating 
said dialysis fluid prior to delivering said inflow 
of dialysis fluid by subjecting said dialysis fluid 
to pulsations. 

12. The process of any one of claims 1 to 11 
including measuring the conductivity of said 
dialysis fluid prior to delivering said inflow of 
dialysis fluid for maintaining a prescribed con- 
ductivity. 

13. The process of any one of claims 1 to 5 and 9 
to 12 including measuring the amount of water 
removed from said patient during dialysis and 
adjusting an amount of glucose mixed with 
said dialysis fluid to adjust the osmolality of 
said dialysis fluid and accurately remove a 
prescribed weight from said patient. 

14. The process of any one of claims 1 to 13 
comprising maintaining said dialysis fluid with- 
in said peritoneal cavity for a prescribed dwell 
time between said filling and draining. 

15. The process of any one of claims 1 to 14 
including monitoring said inflow by weighing 
said inflow; and monitoring said outflow by 
weighing said drained outflow. 

16. The process of any one of claims 1 to 15 
including monitoring said inflow and said out- 
flow of dialysis fluid by using a flow measuring 
means. 

17. The process of claim 16 wherein said catheter 
means includes a double catheter and said 
inflow and outflow of dialysis fluid is conducted 
simultaneously. 

18. The process of claim 1 including delivering 
said dialysis fluid from a sterilized source 
through a delivery flow line, filling said perito- 
neal cavity through an inflow line connected to 
said delivery flow lines and said cavity, drain- 
ing said dialysis fluid through an outflow line 
connected between said peritoneal cavity and 
a drain, and removing said dialysis fluid from 
said drain through a drain flow line, said deliv- 
ery flow line, inflow line, outflow line, and drain 
line constituting a system flow path which also 
includes a plurality of system components hav- 
ing flow passages through which said dialysis 
fluid flows, wherein said method comprises: 



sterilizing said flow path after a complete 
dialysis process in a sterilization cycle which 
includes; 

(a) circulating a bleaching agent in said flow 
5 path during a bleaching cycle; 

(b) rinsing said flow lines with a rinsing 
agent during a rinsing cycle; and 

(c) circulating formaldehyde in said flow 
path at a temperature in a range of about 35 

;o to 40 degrees F. 

19. The process of claim 18 including processing 
water for use in said dialysis fluid in a reverse 
osmosis unit having a membrane unit with an 

75 inlet and outlet compartment separated by a 
reverse osmosis membrane, and wherein said 
method comprises circulating said formalde- 
hyde through said outlet compartment of said 
reverse osmosis membrane. 

20 

20. The process of claims 18 or 19 including sub- 
jecting said flow path to a ready cycle after 
said sterilization cycle which includes: 

(a) rinsing said flow path; 
25 (b) circulating a heated fluid in said flow 

path after rinsing to initially warm up said 
flow path; and 

(c) priming said flow path with said heated 
fluid. 

30 

21. The process of claim 20 including measuring 
the conductivity of said dialysis fluid to ensure 
rinse out of said formaldehyde prior to patient 
use. 

35 

22. A system for performing a continuous perito- 
neal dialysis process comprising: 

accumulation means for accumulating a 
sterilized dialysis fluid in a first reservoir; 
40 inflow delivery means for delivering said 

dialysis fluid from said first reservoir to a peri- 
toneal cavity of a patient; 

means for determining the amount of said 
dialysis fluid delivered to said cavity and gen- 
45 erating a first signal; 

outflow delivery means for draining dia- 
lysis fluid from said peritoneal cavity of said 
patient; 

means for determining the amount of said 
50 dialysis fluid drained from said cavity and gen- 
erating a second signal; and 

control means for controlling said inflow 
delivery means to terminate filling of said peri- 
toneal cavity in response to said first signal. 
55 and for controlling said outflow delivery means 
to terminate the draining of said dialysis fluid 
from said peritonea! cavity in response to sec- 
ond signal. 

11 
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23. The system of claim 22 including monitor 
means for monitoring a function of the fluid 
volume of said peritoneal cavity and controlling 
said outflow delivery means to adjust the 
amount of dialysis fluid in said peritoneal cav- 
ity to maintain a desired fluid volume in said 
peritoneal cavity. 

24. The system of claim 23 wherein said monitor 
means includes an ultrasonic sensing means; 
or a resistive sensing means. 

25. The system of any one of claims 22 to 24 
wherein said means for determining said 
amount of dialysis fluid includes a first flow 
measuring means for monitoring a function of 
an inflow of said dialysis fluid to said peritoneal 
cavity and generating said first signal repre- 
senting an amount of fluid delivered to said 
patient; and said control means controls the 
amount of dialysis fluid which fills said perito- 
neal cavity in response to said first signal. 

26. The system of claim 25 including a second 
flow measuring means for monitoring a func- 
tion of an outflow of said dialysis fluid from 
said peritoneal cavity and generating said sec- 
ond signal representing the amount of fluid 
drained from said patient; and said control 
means controlling the amount of fluid which is 
drained from said peritoneal cavity in response 
to said second signal. 

27. The system of any one of claims 22 to 26 
wherein said control means controls said inflow 
and outflow delivery means for filling and 
draining said dialysis fluid so as to maintain a 
desired reserve volume of dialysis fluid in said 
peritoneal cavity which is effective for dialysis. 

2a The system of any one of claims 22 to 27 
wherein said means for determining said 
amount of said inflow and outflow of dialysis 
fluid includes weighing means for weighing 
said inflow and outflow. 



outflow delivery means to repeat filling of said 
peritoneal cavity with said tidal volume and 
partial draining of said peritoneal cavity to said 
reserve volume for providing a prescribed dia- 
5 lysis regime which includes a desired number 
(N) of filling and draining cycles. 

30. The system of claim 29 wherein said control 
means: 

io controls said outflow delivery means for 

totally draining said dialysis fluid from said 
peritoneal cavity at the end of said (N) cycles; 
and 

controls said inflow and outflow delivery 
75 means to repeat a number of said dialysis 
regimes until a desired amount of water is 
removed from said patient. 

31. The system of any one of claims 23 to 30 
20 including monitor means for monitoring the 

amount of water removed from said patient 
during dialysis after said drain and adjusting an 
amount of glucose in said dialysis fluid to 
adjust the osmolality and accurately remove a 
25 prescribed weight from said patient. 

32. The system of any one of the claims 22 to 31 
including heater means for heating said dia- 
lysis fluid prior to accumulating said first vol- 

30 ume of dialysis fluid in said first reservoir to 
sterilize said dialysis fluid; storage means for 
storing said dialysis fluid at a prescribed tem- 
perature and for a prescribed length of time 
prior to delivering said dialysis fluid to said first 

35 reservoir to kill the bacteria in said dialysis 
fluid; deaeration means for deaerating said dia- 
lysis fluid prior to accumulating said dialysis 
fluid in said first reservoir; and measuring 
means for measuring the conductivity of said 

40 dialysis fluid prior to delivering said dialysis 
fluid to said first reservoir for maintaining a 
prescribed conductivity. 

33. The system of any one of the claims 22 to 32 
45 wherein said control means controls said inflow 

and said outflow delivery means to maintain 
said dialysis fluid within said peritoneal cavity 
for a prescribed dwell time between said filling 
and draining. 



29. The system of any one of the claims 22 to 25 
wherein: 

said control means controls said inflow and 
outflow delivery means for initially filling said 50 
peritoneal cavity with a tidal volume of dialysis 
fluid, partially draining said dialysis fluid from 
said peritoneal cavity to leave a reserve vol- 
ume of dialysis fluid in said cavity which is 
less than said tidal volume, and refilling said 55 
peritoneal cavity with said tidal volume of dia- 
lysis fluid; and 

said control means controls said inflow and 
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